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The major metabolic activity of epidermis is
the biosynthesis of the protein keratin. This pro-
tein comprises the bulk of the outermost layer of
the epidermis, the stratum corneum, which
serves as a protective covering for maintaining
the underlying tissues biochemically and physio-
logically intact. In the pathological condition of
psoriasis and ichthyosiz the epidermis produces
an abnormal, more porous stratum corneum,
suggesting synthesis of an abnormal keratin.
Because keratin is an insoluble protein, chemi-
cal studies of its biosynthesis require that protein
derivativest be solubifized and protein fractions
then separated from each other with as little
change in essential structure as possible. These
derivatives are obtained by solubilizing the
keratinous residue with various chemical agents
(1, 2) which cleave peptide bonds, hydrogen
bonds, and/or disulfide bonds. Following solubil-
ization, fractionation yields proteins which are
compared through their physical or chemical
properties.
Technically it is very difficult to establish
small differences in amino acid composition that
may exist in protein fractions and that may ac-
count for gross differences between normal and
abnormal epidermis. However, small differences
in number of peptides, as well as differences in
amino acid content of peptides, may be detected
by use of the "fingerprint" technic recently
devised by Ingram (3). By this method peptides
obtained from a given protein following con-
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t As used in this text: Protein derivative are
those proteins solubilized from the keratinous
residue remaining after the original tissue is
extracted with 0.1 M phosphate buffer, (pH 7.3),(see Figure 1). A protein fraction is that protein
isolated from the mixture of proteins that consti-
tute the protein derivative, by precipitation of the
protein at its isoelectric point.
trolled enzymatic digestion are found to assume
a characteristic pattern upon chromatographic
separation. In the present work, the "fingerprint"
peptide patterns of protein fractions obtained
from solubilized protein of normal epidermis,
psoriasis scale and ichthyosis scale are compared.
A comparison of the differences between similar
specific protein fractions from both normal and
abnormal epidermis is made, and fractions of
given tissue are compared with each other.
MATERIALS AND METHODS
Whole epidermis and specimens of pathological
stratum corneum were collected as described
previously (4). Epidermis was obtained from sur-
gical specimens of skin from the abdomen and
breast, and from abdominal skin of autopsy speci-
mens twelve hours or less post mortem. The speci-
mens of epidermis, separated from the corium by
the stretch method (5), were combined, lyo-
philized, defatted in ether, ground in a Wiley Mill
fitted with a 60 mesh screen and stored in a des-
iccator until used.
Scales of psoriasis and ichthyosis were me-
chanically scraped from the skin of patients as
well as collected from the patients' beds and were
further processed similarly to the specimens of
epidermis.
The steps for extracting the tissues are shown in
Figure 1. The procedure for extracting the protein
derivatives is essentially that employed by
Matoltsy (6) except that fraction A' (keratin B
of Matoltsy) was further fractionated into four
fractions; three were precipitated at pH 5.5, 5.0,
and 4.5 respectively, the fourth remaining in the
supernatant solution after these precipitation pro-
cedures. Ten milligram samples of dry protein of
each of the first three fractions were used for
analysis. Each sample was dissolved in 1 ml. of
0.1 M (N114)2C03 and 0.1 ml. trypsin (1 mg./ml.
1120) (7) was added. This digestion mixture was
incubated with shaking at 37° C. for two hours. At
the end of this time 0.1 ml. chymotrypsin (1 mg./
ml. 1120) was added and incubation continued in
a similar fashion for two additional hours. Immedi-
ately thereafter the digest was lyophilized (over-
night) to facilitate sublimation of the ammoniuni
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TISSUE
(Epidermia, Psori&aia Scale, Ichthyosis Scale)
500 ag. auspended in 20 ml. 0.1 N phosphate
buffer, pH 7.3. Placed inside dialysis sac.
Dialyzed at 0°C. against 200 ml. of buffer with
magnetic stirring. Buffer changed at 3, 19, and
22 hours.
Dialyze material Dialysis Sac cont5nta(amino acida, peptidea, etc.) I
3000 BIM—2 C
Sac Residue Sac Supernatant
(Protein,)
Suspended in 40 ml. 0.05 N NaOH.
(0.8 ml. per 10 mg. orig.0veight)Shaken for 24 hours at 38 under
nitrogen gas.
3
Fraction Rca due £
I Treated as ate residue using
20,0 0 x C 0.5 ml. 0.05 N NaOR per 10 mg.
Mack resT' traction orig.
Fractfàn B Residue
1 N MCi to pH 5.5 Treated in similar way
as Fraction A to obtain
3000 RPM Fractions B1, B2, 33
Traction Supernatant A'1
0.1 N sd pH 5.0
300 RPM
Frsctio A' * Supernatant A'2 2
0.1 N MCi to pH 4.5
3000' RPM
Fraction A * Supernatint A'
(dialyzed agaist water and
iyophilized to dryness)
lraction. rediasolved in 0.1 ii (554)2co , reprecipitated at the appropriate pH.
Supernatant separated from fraction. Faction redissolved in 0.1 N (NH4)2C03,
dialyzed against Water (3 changes) at 0 C. and lyophilised to dryness.
Figure 1. Procedure for obtaining keratin derivatives and keratin fractions from normal epidermis,
psoriasis scale, and ichthyosis scale.
carbonate. The dried digest was redissolved in
0.1 to 0.5 ml. water and an aliquot containing an
equivalent of 1 mg. of the original material was
taken for paper chromatography. Each aliquot
was spotted on Whatman '3 paper (46 cm. x 57
cm.). Descending chromatography was employed
for the first dimension with n-butanol-acetie acid-
water (4-1-5) as the solvent. The paper was air
dried and second dimension chromatography was
carried out with high voltage electrophoresis ac-
cording to a modification* of the system of Michi
(8) in which acetic acid-water-pyridine (10-
289-1) is used as the conducting solution.
After electrophoresis the paper was again air
dried in the hood and spots of peptides and other
ninhydrin positive material were developed by
dipping the paper in 0.4% ninhydrin solution in
95% acetone. The paper was again dried and then
oven-heated at 600 C for thirty minutes to develop
the color. The colored spots were immediately
outlined with a pencil to facilitate making overlay
diagrams of the chromatogram.
Carbohydrate determinations on the protein
fractions were made by the method of Shetlar and
Masters (10).
RESULTS
The peptides for "fingerprinting" were ob-
tained by the consecutive action of the enzymes
trypsin and chymotrypsin. The peptide bonds to
which arginine and lysine contribute the carbonyl
group are cleaved by the former, while those
bonds in which the carbonyl group is contributed
by phenylalanine, tyrosine, or tryptophan are
hydrolyzed by the latter. The number of peptides
* By substituting a lucite tank (9) for the two
glass jars it was possible to use Varsol as the non-
conducting liquid, replacing toluene used in the
system of Michi.
EVALUATION OF KERATIN FRACTIONS IN NORMAL AND ABNORMAL EPIDERMIS 199
produced is one greater than the number of pos-
sible cleavage sites.
The peptides formed in the above process do
not react identically with ninhydrin. It was
therefore necessary to determine the amount of
digested protein to be loaded on the Whatman
paper so that a optimum ninhydrin color could be
obtained. The optimum amount was found to be
equivalent to one milligram of original protein.
The patterns of peptides in the "fingerprint"
diagrams obtained for normal epidermis, psoriasis
scale and ichthyosis scale are shown in Figure 2
and represent the fractions of each tissue precipi-
tated at pH 5.5, 5.0, 4.5. The differences in pep-
tides of protein fractions of each tissue are com-
pared by the use of lines and cross hatching.
Those spots numbered identically from paper to
paper are so numbered because of their similar
location and spatial relationship to other pep-
tides.
Tables I and II present in tabulated form the
peptide patterns of the nine protein fractions
examined in this work. The first table deals with
the peptide patterns in protein fractions of simi-
lar pH, while the second table compares the pep-
tide patternsinproteinfractions obtained at differ-
ent pH's. Several results are worthy of special
mention.
One of these is the number of peptides, num-
bered identically in the chromatograms, that are
common to different fractions of a tissue, and/or
common to different tissues. The number of pep-
tide spots common to all the pH fractions of all
three tissues was 27.
It can be seen from Table I that the protein
fractions obtained at a given pH have similarities
other than those represented by major peptide
groups (see footnotes of Tables). For example, in
the pH 5.5 fraction of psoriasis scale and ichthy-
osis scale peptides are found (3B, 8A, 9, 18, 23)
which constitute a minor group that is absent
from the pH 5.5 fraction of epidermis. Other
minor groupings are common to the pH 5.0 and
pH 4.5 fractions of epidermis and psoriasis scale,
which are absent in these pH fractions of ichthy-
osis scale.
Several other comparisons of the peptide com-
positions of fractions of the tissues may be made.
The pH 5.5 fractions of both epidermis and psoria-
sis scale, for example, have fewer component
peptides than either the pH 5.0 or pH 4.5 fraction
of these tissues. Another comparison reveals that
although a relatively large number of major
peptides (twenty-seven) are common to all frac-
tions of all tissues, further relationship between
fractions of the tissues are apparent in the com-
mon minor peptides.
In the protein fractions of ichthyosis scale
(Table II) the minor grouping of peptide spots
are present only in fractions pH 5.5 and pH 5.0.
A somewhat similar identifying characteristic of
the pH 4.5 fraction of ichthyosis is also seen when
this fraction is compared with the pH 4.5 frac-
tions of both epidermis and psoriasis scale (Table
I); the latter two fractions show a group of minor
peptides that are absent in the pH 4.5 fraction of
ichthyosis.
In order to determine to what extent the carbo-
hydrates of the cell wall might adhere to the
protein fractions isolated, carbohydrate deter-
minations were carried out in most instances on
both the purified fractions and the original tissues.
The results, listed in Table III, clearly indicate
that the protein fractions contained carbohydrate
in quantity not exceeding that of the native
tissue.
DISCUSSION
Evaluation of the significance of small differ-
ences between the protein fractions of normal and
abnormal epidermis depends upon the major
assumption that all the epidermal tissues, upon
solubilization with dilute alkali, yield protein
derivatives similar in all detail except for the
flaws that characterized a possible abnormal
keratin. With this assumption in mind, the de-
tailed examination of the protein fractions iso-
lated from the protein derivative may be made in
an attempt to identify the characteristic flaws in
the abnormal keratin.
it is clear from Tables I and II that peptide
differences are present between the epidermal
tissues when the component peptides of similar
pH fractions of these tissues are compared.
One of the major differences between protein
fractions of the Same pH is illustrated in Table
I. The five peptides (3B, 8A, 9, 18, 23) present
in the pH 5.5 fractions of psoriasis scale and ich-
thyosis scale are absent in this pH fraction of
normal epidermis. One possible explanation of
this difference is that these five peptides consti-
tuted extra peptide units present in the kerati-
nous residues of psoriasis scale and ichthyosis
scale but absent in the keratinous residue of nor-
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closer similarity, however, between fractions
isolated from the three tissue specimens at a given
% carbohydrate pH because of larger numbers of peptides corn-
2 mon to these fractions.
Further support for the charged minor peptide
group is indicated by the different number of
peptides present in the different pH fractions0.76 (specifically the increasing number of peptides
present in fractions precipitated at lower PH,
except for the pH 4.5 fraction of ichthyosis, which
contains fewer peptides than the pH 5.0 frac-
tion). The peptides obtained from the protein
fractions of ichthyosis scale show several differ-
ences from peptides of similar pH fractions of
epidermis and psoriasis. The conspicuous absence
in all pH fractions of ichthyosis scale of minor
peptide groups present in both epidermis and
psoriasis scale suggests a similarity between the
keratin assembly in epidermis and psoriasis scale
absent in ichthyosis scale.
The results found here suggest differences from
the present theories on the structure of keratin.
The structure suggested by Ward and Lundgren
(11) does not explain the minor peptide groups
found to be present and discussed in the above
paragraphs. The reproducibility in obtaining
similar fractions for any tissue indicates that the
major cleavage brought about by alkaline hydrol-
ysis is attributable to the splitting of hydrogen
bonds, rather than a random cleaving of covalent
bonds. The possibility that disuffide bonds are
ruptured was examined by titration with p-chloro-
mercuribenzoate according to the method of
Boyer (12), of the solubilized material which was
maintained under an inert atmosphere (nitrogen
gas) during solubilization. The results (13) have
indicated that no sulfhydryl groups are present in
the solubilized protein solution, therefore ruling
out disulfide bond cleavage as a requirement for
solubilization.
The pH 5.5 and 4.5 fractions of the tissues used
in this study are similar to those isolated from the
epidermis of the cow's snout by Woernley et al.
(14), who used similar technics to obtain their
proteins. The molecular weights found for pH
5.5 fraction by these workers was 70,000 and pH
4.5 fraction was 39,000. A pH 5.0 fraction of
epidermis not previously demonstrated was
found. The qualitative differences in composition
of the pH 5.0 fraction as compared to both the
pH 4.5 and pH 5.5 fractions is clearly demon-
strated by the fingerprint patterns of the com-
ponent peptides of each.
T.bk UI Carbobydrata content of epidersal Sumac and their
protein derivative,.
a
Epidaxaia norsal b.uean (pooled)
Fraction p1 5.5
Fraction pH 5.0
Fraction pH 4.5
Paoriaaie Scale 2.21
Fraction pH 5.5 1.92
Fraction pH 5.0 1.28
Fraction p14.5 1.12
2.75
0.72
0.50
Icbtbyosia Scale
Fraction pH 5.5
Fraction pH 5.0
Fraction p1 4.5
all aaimplea defatted and dd.d.
mal epidermis. It might then indicate a difference
in synthesis of protein by the normal epidermis as
compared to pathologic epidermis at least parti-
ally accounting for physical differences in the
stratum corneum produced in each instance.
The finding in the protein derivatives of each
tissue of three protein fractions that are similar
to the three protein fractions of each of the other
tissues (similar in that they precipitate at similar
pH's) may indicate that in all tissues similar
bonds (of the insoluble residue) were cleaved
during solubiization. The differences in minor
peptide groups of the protein fractions precipi-
tating at the same pH indicates that the minor
peptide groups have not altered the net charge
of the protein fraction, hence not altering the iso-
electric point of that fraction. On the other hand,
the fact that the three protein fractions obtained
from the protein derivative of each tissue, have
different isoelectric points (hence each fraction
precipitates at a different PH) would indicate
that these minor peptide groups significantly
alter the net charge of each protein fraction.
The commonness of basic structure of the pro-
teins, differing from each other only by a few
peptides, is supported in part by a summary of
the data of Tables I and II, which indicate that
for all nine protein fractions there are twenty-
seven peptide spots which are similar and present
in each of the nine fractions. This number of
peptides suggest an over-all similarity between
all the protein fractions. There seems to be a
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As no physical measurements were made on
the protein fractions isolated in the present work,
it is not possible to conclude that these fractions
have molecular weights similar to those of the
protein fractions reported by Woernley and co-
workers.
Further work is required to determine whether
the proteins isolated in the present study repre-
sent the best selection. On the basis of Matoitsy's
studies with human epidermal proteins (15)
showing that the epidermal keratin derivative
constituted the bulk of epidermal proteins
(62—75%), it was decided to use this larger pro-
tein segment in the present study. The possibil-
ities that proteins of smaller fractions are precur-
sors of those of the larger fraction perhaps can be
ascertained by comparing the patterns of con-
stituent peptides of each.
SUMMARY
1. Epidermal protein derivatives were pre-
pared from normal human epidermis, psoriasis
scale and ichthyosis scale. Three proteins precipi-
tating at PH'S 5.5, 5.0, and 4.5 were isolated and
purified from the protein derivatives of each
tissue.
2. The protein fractions were individually
subjected to trypsin and chymotrypsin digestion
and the peptides formed separated by the "finger-
print" technic.
3. The peptide patterns obtained revealed
major similarities between the protein fractions
(pH 5.5, 5.0, and 4.5) of each tissue.
4. Differences were observed iii the peptide
patterns of normal epidermis, psoriasis scale and
ichthyosis scale. It is not certain whether these
small peptide differences are due to abnormal
keratin.
5. Solubilisation of proteins did not require
cleavage of disulfide bonds. A difference in hydro-
gen bonding of the proteins of the different tissues
is indicated from the different minor peptide
groups present in the fractions examined.
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DISCUSSION
DR. SIMoN ROTR BERG (in closing): It is hard
to present a biochemical paper to people trained
in medicine. With the help of Dr. Van Scott, I
tried to shape the biochemical paper into a form
that would be readily understood by this group.
Therefore I must apologize for the very technical
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areas of this paper. Perhaps in a ten minute
presentation one has to go a little too fast to
make these details which are also new in the bio-
chemical world obvious and clear to the audience.
I want to say that we are going forward with
this work with great enthusiasm and plan to use
a single enzyme, trypsin, to digest our protein
derivatives so that we obtain a smaller amount of
peptides than obtained in our present work.
Digestion with a single enzyme, trypsin cleaves
only at the arginine and lysine sites (as compared
to arginine, lysine, tyrosine, phenylalariine, and
tryptophan site cleavage in the two enzyme
digestion) and will make our job we hope a little
simpler.
